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Abstract 
Australia is an ancient continent with equally antiquated fauna. Crinia signifera, the 
Australian common froglet, is one of Australia's oldest species and has a geographic 
range covering much of the southeastern coast of Australia and much of Tasmania. Such 
broad dispersal makes C. signifera susceptible to genetic variation due to changes in the 
landscape. While many have studied the morphology of C. signifera, few have studied its 
phylogeographic history. In this study I compared mitochondrial DNA clades to nuclear 
DNA clades to analyze the role geography plays on genetic variation. I hypothesized that 
(i) sympatric nuclear clades and subclades would share more unique alleles than 
allopatric nuclear clades; (ii) nuclear genetic differences would be greater between 
subpopulations where dispersal and gene flow are limited; and (iii) nDNA clades would 
have similar distribution to mitochondrial DNA clades. DNA samples were amplified 
using PCR. Following sequencing and analysis summary statistics were generated and 
analyzed to determine genetic relationships among clades. First, shared nuclear 
haplotypes were found across all mtDNA clades on the mainland, regardless of sympatry 
or allopatry. Second, samples from Tasmania were shown to have more novel nuclear 
haplotypes than any other subclade. Third, nuclear haplotype distribution, Mantel tests 
and construction of a phylogenetic tree showed no support for distinct nDNA clades. This 
data suggests that (i) mainland populations are not affected by geographic features, (ii) 
the Bass Strait is an effective barrier to gene flow between Tasmania and mainland 
Australia, (iii) differential dispersal patterns between males and females individuals have 
a greater effect on genetic diversity on the mainland than isolation by distance or 
geographic features. 
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Introduction  
What is Phylogeography? 
 Phylogeography, the study of genetic variation due to geographical influence, is 
commonly used by scientists to determine how changes in a landscape contribute to the 
genetic history of a species (Richards et al., 1998). Geographic changes can include 
tectonic shift, marine incursions, and climate change (Waters, 2008). Geographical 
features that result due to such events can lead to an increase or decrease in biodiversity, 
but they can also affect genetic diversity (Hewitt, 2000). In this study, I focused on 
genetic variation within a single species.  
 Phylogeographic studies generally begin with analysis of mitochondrial DNA 
(mtDNA) (Bernatchez, 2001; Cao et al., 2013; Hewitt, 2000). MtDNA is maternally 
inherited and highly variable. Mitochondrial DNA polymerases lack an efficient proof-
reading mechanism, and consequently, mtDNA is prone to errors and accumulation of 
mutations during replication cycles. However, high mutation rates allow us to track 
individuals through a lineage (Hewitt, 2000). Despite the advantages of studying mtDNA 
in phylogeographic studies, mtDNA only shows half of the picture. Given that mtDNA is 
maternally inherited, therefore one cannot ascertain the contribution males impart to 
genetic variation. Here, I analyzed both mtDNA and nuclear DNA (nDNA) data in order 
to fully understand the affect of geography on male and female dispersal patterns and 
genetic diversity.   
 Closely related individuals are more likely to share mutations, or polymorphisms, in 
mtDNA and nDNA than distantly related individuals (Byrne, 2008; Hewitt, 2000). 
However, one must consider geographic features and their effect on gene flow (Cao et al., 
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2013). Geographic features, such as mountains and rivers, may limit migration for some 
organisms. For example, a bird can easily fly over a mountain whereas a wingless 
beetle’s range would be far more limited. Where migration is limited, so is gene flow 
(Byrne, 2008). We can infer how geography influences genetic variation by analyzing 
genetic features (e.g., polymorphisms, haplotype frequencies, etc.) in populations of 
species that inhabit mountainous (Hewitt, 2000; Waters 2008). Here, I focused on the 
southeastern coast of Australia and the island state ofTasmania.  
Early Australia 
 Australia, both a continent and an island, has a high number of diverse species, 
many of which are endemic to the continent (Zeisset and Beebee, 2008). The eastern 
coast is also home to the Great Dividing Range, an ancient mountain range uplifted 
during the Pliocene and Pleistocene Epochs (Pepper et al., 2014; Wells, 2007). A result of 
the fusion of landmasses that formed 
Gondwana (Wells, 2007), the Great 
Dividing Range (GDR) travels from 
Cape York to Western Victoria and 
as far south as Tasmania (Fig. 1). 
During formation of the GDR, 
populations were probably 
fragmented and forced into refuges 
where they experienced decreases 
in genetic diversity (Byrne, 2008). 
Glaciation of the GDR extended to 
Figure 1. Geography of Australia (wiki). The red 
regions (high altitude peaks) spanning the eastern 
border of the mainland and northern Tasmania 
represent the Great Dividing Range. Photo courtesy 
of Google Images. 
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parts of Tasmania decreasing temperatures and increasing aridity, and reducing the 
number of wetland and rainforest habitats (Byrne, 2008; Hewitt, 2000). Changes like 
these directly affect species of frog that depend on wet environments to reproduce 
(Barker, et al., 1995). In this study I examined the frog species, Crinia signifera to study 
the effect of climate and geographic changes on genetic variation over time and genetic 
structure in a population over time. 
Australia is home to more than 200 species of frog, many of which inhabit wet 
areas along the eastern coast (Beebee, 1996). Crinia signifera (Fig. 2), also known as the 
common eastern froglet, is an ancient species endemic to Australia (Barker, et al., 1995). 
The term froglet refers to C. signifera’s small size. Males range in size from 18-25 mm 
and females from 19-28 mm (Barker, et al., 1995). It is brown on its dorsal side with 
varying patterns of white and black on its ventral side (Cogger, 2000). Ventral markings 
vary greatly between subpopulations (Symula, 2009). C. signifera populates the 
southeastern coast, from Brisbane along the coast to Melbourne, and in much of 
	  	  
Figure 2. Morphology and geographic distribution of Crinia signifera. (A) 
Dorsal color patterns characteristic of C. signifera can be seen here. (Image 
courtesy of Google Images) (B) This map shows the geographic range of C. 
signifera as indicated by the black shaded areas. (Image courtesy of 
Wikipedia.org)	  
 8	  
Tasmania (Symula, 2009). However, like most amphibians, C. signifera is restricted to 
areas that have water necessary for breeding (Barker, et al., 1995).  
C. signifera’s wide geographic range, ancient lineage and reproductive behaviorss 
make it a model species for phylogeographic study (Zeisset and Beebee, 2008). Based 
upon mtDNA sequences, C. signifera has three geographically distinct lineages that are 
also subdivided into geographically restricted subgroups (Symula et al. 2008; Fig. 3). The 
split among the three major lineages was estimated to have occurred during the Miocene.  
Notably, though most closely related to one of the mainland clades, populations on 
Tasmania form a distinct subclade (subclade C5) that has been isolated from the 
mainland for at least 18,000 years (Symula et al., 2008). In this study I compared 
distribution patterns of nDNA haplotypes to mtDNA haplotypes to analyze the effect of 
potential geographic barriers on genetic diversity. 
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Figure 3. Distribution and phylogenetic relationships of mtDNA-based clades in C. signifera. 
On the map the grayed areas show the distribution of C. signifera across the southeastern coast 
of Australia and in Tasmania. Clade A (dark gray), Clade B (light gray) and Clade C (gray) are 
geographically restricted from each other. Black dots on the map indicate collection sites (Table 
1). The phylogenetic tree shows common ancestry among clades and subclades. C. riparia 
represents the outgroup. (Image courtesy of Dr. Rebecca Symula)	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Methods  
Specimen Collection 
 Samples were collected from the southeastern coasts of Australia including New 
South Wales (NSW), Victoria (VIC) and South Australia (SA) and parts of Tasmania 
(TAS). Two hundred seventy-four specimens were used for DNA sequencing (Table 1) 
with special focus on areas where contact between mtDNA clades was observed.  
 
 Table 1. Collection locality information for sampled individuals.  
Individual  Locality State Latitude Longitude 
BS050-051, BS053-
054, BS056-059 
N=8 Evans Head NSW -29.09 153.39 
ABTC25425 N=1 Glenn Innes NSW -29.71 151.75 
ABTC12334 N=1 Armidale NSW -30.22 151.67 
BS040-042, BS044, 
BS046-048 
N=7 Coffs Harbour NSW -30.32 153.11 
BS035 N=1 Port Macquarie NSW -31.50 152.90 
BS031-033 N=3 Clarencetown NSW -32.57 151.77 
BS011, BS012, 
BS014, BS016, 
BS018-020 
N=7 Cooranbong NSW -33.13 151.35 
BS021-027 N=7 Coogee NSW -33.93 151.26 
BS152, BS154, 
BS156-158, BS160-
161 
N=7 Macquarie 
Woods 
NSW -33.41 149.31 
ABTC17627  N=1 Heathcote NSW -34.07 151.02 
BS162-163 N=2 Kangaroo 
Valley 
NSW -34.74 150.54 
ABTC12884 -12885  N=2 Wagga Wagga NSW -35.13 148.23 
BS235-242 N=8 Canberra ACT -35.24 149.11 
BS060, BS063-066 N=5 Ulladulla NSW -35.35 150.45 
BS164-168, BS170-
172, BS453, BS455 
N=8 Kianga NSW -36.20 150.13 
BS067-071, BS072-
076 
N=10 Eden NSW -37.05 149.90 
BS173-174, BS175 -
176, BS178-180, 
BS82 
N=4 Cann River VIC -37.56 149.15 
BS183-184 N=2 Bairnsdale VIC -37.67 147.56 
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Individual  Locality State Latitude Longitude 
ABTC12882 -12883  N=2 Granya VIC -36.10 147.32 
BS088 -093, BS095 N=7 Lilydale VIC -37.78 145.36 
BS185-189, BS193-
194 
N=7 Seymour VIC -37.56 145.14 
BS001, BS005, 
BS007-010 
N=6 Bundoora VIC -37.72 145.05 
BS195-196 N=2 Maryborough VIC -37.07 143.73 
197 -202, BS204-206 N=9 Stawell VIC -37.07 142.76 
BS141 -146, BS148 N=7 Hamilton VIC -37.70 141.91 
BS131-140 N=10 Portland VIC -38.37 141.61 
ABTC37438 N=1 Mount Gambier SA -38.05 140.94 
BS212-219, BS221 N=9 Naracoorte SA -37.10 140.79 
BS227-233 N=7 Mary Seymour 
Conservation 
Park 
SA -37.16 140.62 
ABTC37700 -37701  N=2 Padathaway SA -36.69 140.48 
ABTC58307  N=1 Gum Lagoon 
Conservation 
Park 
SA -36.27 140.02 
ABTC58814  N=1 Milang SA -35.40 139.97 
ABTC36237  N=1 Kingston SA -36.82 139.85 
BS096-098, BS102-
103 
N=5 Adelaide SA -35.06 138.75 
BS116-BS120, 
BS122-129 
N=13 Clare SA -33.84 138.62 
BS106-110, BS112-
115 
N=19 Crystal Brook SA -33.33 138.24 
ABTC33253 N=1 Second Valley SA -35.52 138.22 
BS433-435, BS436-
442 
N=10 Sheffield TAS -41.39 146.33 
BS423-432 N=10 Epping TAS -41.78 147.32 
BS413-414, BS415-
417, BS420-422 
N=8 Wielangta TAS -42.66 147.89 
BS443, BS445, 
BS447-448, BS450-
452 
N=7 Batemans Bay NSW -35.66 150.28 
BS459-467 N=9 Quaama NSW -35.66 -36.47 
149.87 
BS470 -477 N=8 Kalaru NSW -36.74 149.94 
BS482-484, BS486-
490 
N=7 Boydtown NSW -37.11 149.87 
BS502-507, BS509-
511 
N=9 Timbillica NSW -37.38 149.70 
BS492-499, BS501 N=10 Mallacoota VIC -37.55 149.73 
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Individual  Locality State Latitude Longitude 
BS516-BS524 N=9 Nowa Nowa VIC -37.74 148.04 
BS355-357, BS359, 
BS361 
N=5 Tyers VIC -38.14 146.53 
BS365-367, BS368-
374 
N=10 Welshpool VIC -38.67 146.44 
BS555-558, BS560-
562, BS564 
N=8 Mansfield VIC -37.05 146.08 
BS385-394  N=10 Drouin VIC -38.14 145.88 
BS375-382, BS384 N=9 Korumburra VIC -38.44 145.83 
BS345-346, BS347-
348, BS350 
N=5 Bunyip VIC -38.06 145.71 
BS335-341, BS342-
343 
N=9 Beaconsfield VIC -38.03 145.43 
BS395-398, BS400-
404 
N=9 Waurn Ponds VIC -38.20 144.30 
BS526-533, BS535 N=9 Ballarat VIC -37.55 143.89 
BS536-544 N=9 Colac VIC -38.27 143.63 
BS405-412 N=8 Cape Otway VIC -38.76 143.49 
BS545-549, BS551-
554 
N=9 Warnambool VIC -38.36 142.51 
 
 
Polymerase Chain Reaction (PCR) 
 PCR was used to amplify the nuclear gene 
sequence POMC, measuring approximately 480 base 
pairs (bp) in length. PCR master mix consisted of  3.5 
µL dH20, 2.0 µL 5X GoTaq Flexi Buffer, 1.6 µL 
dNTPs (1.25 mM), 0.8 µL MgCl2 (25 mM), 0.5 µL 
Purified BSA 100X (10mg/mL), 0.25 µL Forward 
primer (10 µM), 0.25 µL Reverse primer (10 µM), 0.1 
µL GoTaq Flexi Polymerase (5u/µl), and 4 µL of 
diluted DNA (1:10) that had been extracted from 
samples previously. Primers used were IDT C_signifera_POMC_R (5’- GGT GTC TGG 
Figure	  4.	  Gel	  electrophoresis	  19	  September	  2013.	  x	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CTT CGT TCT GGG GTC ATA AA -3’) and IDT POMC_F1 (5’- ATA TGT CAT GAS 
CCA YTT YCG CTG GAA -3’). A T100 Thermal Cycler (Bio-Rad Laboratories, Inc.) 
was used to amplify the targeted gene region. PCR amplifications were initialized with 6 
min denaturation at 96 ˚C, followed by 35 cycles with denaturation at 96 ˚C for 45 s, 
annealing at 58 ˚C for 45 s, and an extension at 72 ˚C for 45 s, and finally, an infinite 
extension at 4 ˚C at the end of each reaction. Positive controls were chosen from 
previously successful PCR reactions based on their quality after sequencing analysis. 
Sterile water was used as a negative control. 
 
Gel Electrophoresis and PCR Product Clean Up 
     Complete PCRs were analyzed for success using gel electrophoresis. To determine 
successful amplification, I compared the sizes of POMC bands to a 100 bp ladder in the 
far left well (Fig. 2). Five microliters of PCR product were added to each subsequent well 
with the negative control added to the last well. PCR products were run through a 1.5% 
agarose gel submersed in 1X TBE Buffer at 100 volts for 45 to 60 minutes. Gel Doc™ 
XR System and Quantity 1-D Analysis Software (Bio-Rad Laboratories, Inc., Hercules, 
CA) were used to capture images of amplified DNA and to analyze the negative control 
for contamination. Two separate protocols were used to prepare PCR products for 
sequencing. Initially, I used the Wizard® SV Gel and PCR Clean-Up System (Promega 
Corp., Madison, WI) following the protocol included in the manual. However, I later 
transitioned to ExoSAP-IT® PCR Product Cleanup (Affymetrix USB, Cleveland, OH) 
method for a simpler, more time efficient process. Per ExoSAP-IT protocol, 2 µL 
ExoSAP-IT reagent was added to 5 µL of each POMC PCR product.  The resulting 
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ExoSAP-IT mixture was run on the T100™ Thermal Cycler at 37 ˚C for 15 min, at 80 ˚C 
for 15 min, and an infinite extension at 12 ˚C. Afterwards, 3 µL sterile water and 1 µL of 
reverse or forward primer were added to each sample. Primers were diluted to a 
concentration of 5 µM. 
 
DNA Sequencing and Sequence Analysis 
 Samples were packaged and sent to Yale University’s DNA Analysis Facility on 
Science Hill for sequencing. Sequenced DNA data was retrieved from GeneSifter 
(Geospiza, Inc., www.genesifter.net) and downloaded chromatograms were transferred to 
the bioinformatics software Geneious® 6.1.6 (http://www.geneious.com, Kearse et al., 
2012). Geneious® was used to combine reverse and forward sequences into De Novo 
contigs. Each assemblage was analyzed for peak integrity and sequence quality. 
Sequences were edited to identify heterozygous sites and to remove primer ends. Low 
quality sequences were discarded. Consensus sequences were exported to Mesquite 
(http://mesquiteproject.org, Maddison et al., 2015) where they were added to an 
alignment that included all analyzed sequences. Primers were removed from each 
sequence. 
 
Phase and DNAsp 
 Aligned sequences were imported into the computer software program Phase 
(Stephens et al., 2001 and Stephens and Scheet, 2005). Phase generated pairwise 
comparisons to determine the number of unique alleles within a population. Phased 
sequences were then exported to the PC-only computer program DNAsp (Librado, et al., 
2009) where summary population statistics were generated for the whole data set. 
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Summary statistics were analyzed to determine genetic boundaries for nDNA clades. 
Haplotype frequencies were calculated from DNAsp and summarized using MS Excel.   
 
Isolation by Distance 
 In order to examine the relationships between geographic and genetic distance, 
phased alignments were added to GenAlEx (Peakall and Smouse 2006) via Microsoft 
Excel. GenAlEx was also used to test for a correlation between geographical patterns of 
nuclear and mitochondrial genetic variation. GPS coordinates (see Table 1, and Symula et 
al., 2008) were used to calculate geographic distances between populations. The POMC 
gene and the mtDNA 16S rRNA gene data (Symula et al., 2009) were used to calculate 
genetic distances. Using GenAlEx, a Mantel test was used to test for a signiciant 
correlation between geographic and genetic distances for each gene, with each of the 
three major mtDNA clades used as the groups on which analyses were performed. 
Because Tasmanian populations are separated from the mainland by the Bass Strait, an 
additional Mantel test was run on Clade C after individuals from Tasmania were removed. 
Finally, 10,000 randomizations were run and plotted for each mtDNA clade. 
 
Phylogenetic tree construction 
 Phased allele sequences were then used to generate a phylogenetic tree.  The 
PhyML Add-in of Geneious was used to construct a maximum likelihood phylogeny 
(Guindon et al. 2003, 2010).   I selected the HKY85 model of DNA sequence evolution 
and allowed the program to estimate other parameters for the model (e.g., proportion of 
invariant sites and the gamma shape parameter). PhyML implemented the Nearest 
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Neighbor Index (NNI) topology search algorithm. To estimate support for each of the 
identified nodes, 1000 bootstrap replicates were performed on a topology inferred using 
Neighbor Joining.   
 
Results 
 
Data Set Characteristics 
 After sequence editing, the total length of the POMC gene was 411 bp with the 
total number of polymorphic sites varying significantly between each clade (Table 2). 
Phase analyzed 288 individuals to calculate a total of 125 novel alleles. Diversity was 
greatest among individuals from Clade C and weakest in Clade A (Table 3). Haplotype 
analysis using DnaSP revealed 83 polymorphic sites across 28 collection sites. The most 
common haplotypes were Haplotype 1 in Clades A and C and Haplotype 2 in Clades B 
and C. Haplotype distribution was not restricted to any of the mainland clades, with the 
exception of eight unique alleles found only in Tasmania (Fig 6).  A summary of the 
statistical data can be seen in Tables 2-3.
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Table 2. Diversity indices for mtDNA clades including the number of individuals (n), the 
number of polymorphic sites (P), the number of haplotypes (h), haplotype gene diversity 
(hd), and nucleotide diversity (π). N equals the number of alleles from each clade. Total 
number of alleles examined was 572. 
 
 
mtDNA  
Clade 
 P h hd π 
A N= 84 22 0.928 0.928 0.00564 
B N= 134 35 0.821 0.821 0.00488 
C N= 354 65 0.862 0.862 0.00639 
 
 
 
 
 
 
mtDNA 
Clade 
 H # of heterozygotes # of homozygotes 
A N= 42 0.880 37 5 
B N= 67 0.776 52 15 
C N= 177 0.779 138 39 
Total N= 286 0.793 227 59 
Table 3. Genotypic diversity of the POMC gene. Heterozygosity (H), the number of 
heterozygotes, and the number of homozygotes for each mtDNA clade are listed. N 
equals the number of individuals.  
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Figure 5. Haplotype frequencies for haplotypes 1 and 2 and haplotype frequencies for 
Tasmania. (A) Haplotype 1 appears the most in Clade A (red) and is least common in Clade B 
(blue). (B) Frequency distribution for haplotype 2 shows that this allele appears most often in 
Clade C (green) and least often in Clade A. (C) Relative frequencies of Tasmanian haplotypes 
are shown here. Haplotypes 1 and 2 are very prevalent on Tasmania with less than 25% of 
alleles being unique to Tasmania. 	  
A B 
C 
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Isolation By Distance 
 Results of the Mantel test are shown in Figures 6-9.  In all clades, there is a strong 
relationship between geographic and genetic distance for the 16S rRNA gene, but no 
relationship for the nuclear POMC gene.  
 
Phylogenetic tree reconstruction 
 The resulting maximum likelihood topology (-ln=-2168.17) is shown in Fig. 10.  
PhyML estimated the following model parameters: Gamma shape parameter=0.224, 
Transition/transversion ratio: 3.718 and nucleotide frequencies f(A)=0.33574, 
f(C)=0.2261, f(G)=0.27389, f(T)=0.16377.   Taxon labels have been removed from the 
tree to simplify the figure.  Two distinct clades were identified, however neither of these 
clades were supported following 1000 bootstrap replicates. Furthermore, the two clades 
contained members of mtDNA clades A, B and C. 
 
A 
C 
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Figure 6. IBD for Clade A. Genetic distance is shown in genetic changes in DNA and geographic 
distance is measured in kilometers (km). (A) Calculated IBD for mitochondrial haplotypes in 
Clade A  is highly positive. (B) IBD for nuclear haplotypes. IBD for nuclear haplotypes is 
negative.  
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Figure 7. IBD for Clade B. (A) IBD for mitochondrial haplotypes in Clade B were calculated to be 
strongly positive. (B) A negative IBD was calculated for POMC haplotypes.  
Figure 8. IBD for Clade C, excluding Tasmania. (A) Magnitude of IBD for 
mitochondrial haplotypes was high and positive. (B) A slightly positive IBD was 
calculated for POMC haplotypes.	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Figure 9. IBD for Clade C, including Tasmania. (A) A positive IBD was calculated for mitochondrial 
haplotypes. (B) A slightly positive slope was calculated for POMC haplotypes.   
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Figure 10. Phylogeny of C. signifera.  
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Discussion 
Genetic Variation 
 Construction of a phylogenetic tree (Fig. 10) revealed little information about 
genetic relationships among individuals. Polymorphism and divergence calculations 
(Table 2, 3) indicated no defined nuclear clades comparable to mitochondrial 16S 
mtDNA clades (Symula et al., 2008; Fig. 2). The number of polymorphic sites varied 
across clades, but seemed to rise with increasing sample size. Heterozygosity for the 
entire data set was large with almost half of sampled individuals expressing heterozygous 
genotypes for POMC. Of the 125 alleles calculated using Phase most were found 
randomly distributed throughout the mainland. However, there were eight alleles found 
mostly on Tasmania (Fig. 5). Of the eight Tasmania haplotypes Haplotype 43 was found 
in a heterozygous individual in Clade A and Haplotype 35 was found in a heterozygous 
individual in Clade C4 and a homozygous individual in Clade B2.  
 
Isolation by Distance  
 I hypothesized that geographically close populations would be more genetically 
similar and share more alleles than geographically distant individuals.  Mantel tests for 
isolation by distance showed strong relationships between geography and genetic 
diversity in the 16S rRNA gene (Fig. 6-9). Results for POMC showed slightly positive 
relationships in Clade C (including or excluding Tasmania) (Fig. 8, 9), no relationship in 
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Clade A (Fig. 6), and a negative relationship in Clade B (Fig. 7). The strong relationship 
observed in Clade C may be attributable to the wide geographic range of Clade C. Clade 
C covers more area than both Clades A and B, and it is the only clade found on Tasmania. 
The population of Tasmania is especially interesting because it is the only one not 
connected to the mainland. Absence of gene flow likely influenced the small, but positive 
slope calculated by Mantel tests. The low magnitude of this relationship may be due to 
differential migration patterns between males and females and ancestral polymorphisms. 
 Again, mtDNA is maternally inherited and mtDNA clades analyzed in this study 
all have distinct geographical boundaries and highly positive IBD. Using this information 
one can infer the migration patterns of females in the data set. Lack of IBD in the POMC 
gene suggests that males move much farther than females, therefore contributing to gene 
flow and significantly reducing IBD. Still, male dispersal patterns do not explain the 
mostly unique Tasmanian haplotypes. Ancestral polymorphisms are likely responsible for 
the variation seen between mainland and Tasmanian clades. After the last marine 
incursion that resulted in the Bass Strait, Tasmanian populations were permanently cut 
off from mainland populations and gene flow severely restricted (Waters, 2008). Some of 
the Tasmania haplotypes are likely ancestral polymorphisms that survived due to genetic 
drift while others were lost. However, the presence of Haplotypes 35 and 43 in mainland 
clades is unlikely due to the result of dispersal or ancestral polymorphisms. Instead, these 
alleles probably arose from novel mutations.  
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Conclusion 
My study indicates high levels of genetic diversity in populations of C. signifera 
and suggests this diversity may be due to a combination of factors (i.e. male dispersal 
patterns, geographic barriers to gene flow, ancestral polymorphisms and mutation). 
Isolation by distance patterns observed indicate differences in dispersal behaviors 
between and males and females. However, the extent to which the patterns differ may 
require further study. The data collected here may benefit conservation efforts in 
Australia by increasing awareness and understanding of genetic and evolutionary species 
boundaries across the landscape.
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